Brownian motors and Feymann ratchets have been intensively studied in the past decades due to their significance in the foundations of statistical physics and in the application of biological systems. In this letter we propose a new type of Brownian motor, i.e., a self-driven monomer motor that only utilizes the temperature difference inside and outside the motor. The motor is a container with asymmetric geometry. When filling with compressible fluid with a temperature difference with the environment, directional motion occurs. The essential mechanism is that the center of mass of the compressible fluid can shift as a result of the temperature difference and the asymmetric geometry of the container, leading to a directional motion of the motor. This motor can serve as a prototype model for primordial cells as only a temperature difference and an asymmetric shape are necessary for directional motion. A higher inner temperature is common as the cell digests nutritious feeds. Furthermore, our model can be applicable in designing self-driven capsules for target therapy.
Since the proposal of Maxwell demon, how to systematically rectify thermal fluctuation has attracted huge attention [1] [2] [3] [4] [5] . It is clear that the Maxwell demon could not exist in an equilibrium system since it is forbidden by the second law of thermodynamics and the detailed balance from statistical mechanics. However, in a non-equilibrium environment, the rectification of thermal fluctuations may take place, e.g., the various Brownian motors [6] [7] [8] , where noisy or periodic signals may result in directional motion of particles in an asymmetric potential [3, [9] [10] [11] [12] . This effect usually occurs in an environment with unified temperature. Another class of directional motion models from thermal fluctuations is the Smoluchowski-Feymann ratchet [2, 4] . In these models, directional motion or rotation are expected to take place when two connected ratchets with asymmetric geometry is put into higher and lower temperature environments. Later, Van den Broeck and collaborators simplified the Smoluchowski-Feymann ratchet [13, 14] . They designed models by only two asymmetric units [ Fig.1 (a,b) ], and found directional motion when putting the two units into environments with different temperatures. By properly arranged, these models can serve as prototypes of microrefrigerators and ratchets [15] . These works provide solid design principles of a realistic microscopic device that can proceed self-driven directional motion [13] [14] [15] or rotation [16] . Nevertheless, the two units need to be rigidly connected and put into different temperature environments. Furthermore, to sustain a significant effect, the temperature difference should be big enough, which could be unpractical in the microscopic level.
It has shown that introducing dissipation can result in the directional motion of a single-body object for granular ratchets [17] [18] [19] , the violation of the energy conservation is responsible for breaking the time-reversal symmetry [6] . In this Letter we propose a model of self-driven * phzhq@mail.ustc.edu.cn FIG. 1. Schematic representation of the AA motor (a) and AB motor (b) proposed by Van den Broeck and collaborators [13] , and triangle motor (c) and composite rectangle motor (d) of ours. Previous motors are solid bodies putting into different temperature environments, while ours are hollow containers filling of compressible fluid. The temperature difference between inside and outside of the motor can be achieved by consuming the fuel in the container.
monomer motors [ Fig. 1(c,d) ]. The key difference from previous motors is that our model involves only a single container filling of particles. With proper asymmetric geometry, the directional motion of the container occurs if there is a temperature difference between the container and the environment. As the temperature difference may be resulted by fueling the feed, this model may mimic a monad and thus provides a possible mechanism for selfdriven motions and polarizations of primordial cells and self-driven capsules. Furthermore, it may provide a possible mechanism for flagellar motors.
Our studies will be restricted to two dimensional models. The extension to three dimension is straightforward. For the sake of simplicity, particles are ideal gases and the rotation of the container is forbidden. Particles interact with the container on the boundaries by elastic collisions. The container can move freely in both directions.
We first report the numerical simulation results for the triangle motor shown in Fig. 1(c) . The triangle has an apex angle α and fixed area S = 80. 500 particles of temperature T 1 are uniformly distributed inside the container. The environment is represented by a rectangle area of 200×50 and fills with 500 particles of temperature T 2 . Periodic boundary condition is adopted. The triangle frame has a mass M . The gas particles are identical and have a mass m. With α = 10
• , Fig. 2 (a) shows the probability distribution function (PDF) of the triangle motor center at time t = 800 in the case of T 1 = T 2 = 1 (the Boltzmann constant k B is set to be unit). We see that the motor center performs the Brownian motion around its original position. The PDF appears anisotropic along vertical and horizontal axes, indicating that the diffusion constant along the two directions are different. This is a consequence that the triangle is asymmetric, as in the case of an ellipse particle diffusion in equilibrium environment [20, 21] . The results persist qualitatively when we change α, though the diffusion constant becomes bigger along the vertical direction when α > 60
• . There is no directional motion on average in an equilibrium situation.
Figure 2(b) shows the PDF of the triangle center for T 1 = 2 and T 2 = 1 at t = 800. Obviously, the center of the PDF shifts to the right, i.e., the directional motion occurs. Comparing with Fig. 2(a) , one can see that it is a combination of drift motion and the Brownian motion. There is no directional motion along the vertical direction, indicating that the directional motion is induced by the asymmetry of the triangle.
The effect depends sensitively on the degree of the asymmetry. Figure 3(a) shows the average displacement of the triangle center for different α values. We see that α = 60
• is a threshold. Below this angle, the motor moves to the right on average, and the maximum displacement is larger when α is smaller. Exceeding this threshold the directional motion disappears. It can be argued that (see below) there will be no directional motion when α = 60
• . However, whether the effect vanishes exactly for α > 60
• is not clear. The effect is also strongly affected by the temperature difference, that is, the higher the temperature difference, the stronger the directional motion will be, as Fig. 3(b) shows. Inverse the temperature difference, the directional motion also inverses [ Fig. 3(b) ].
We see from Fig. 3(a) and 3(b) that the shift from the original position saturated at long times, implying that the effect occurs as a transient process. Because the directional motion is driven by temperature difference, while the temperature difference decreases continuously due to the exchange of energy between the motor and environment. Figure 3(c) shows the inside and outside temperature versus the evolution time. One can see that the two temperatures approach to the same equilibrium value gradually. The environment temperature rises since only a finite number of particles are used to represent the environment. We have verified that changing the number or the density of the particles can not affect the results qualitatively.
We then explain why the directional motion occurs. It has been shown that with elastic collisions directional motion can not take place for a single solid body even if it has asymmetric shape [17, 18] . While for containers filling with gas, or more generally compressible fluid, the situation changes. The significant difference is that the center of mass of compressible fluids may shift regarding to the container frame in the non-equilibrium process. To understand the mechanism we first study the motor of Fig. 1(d) and assume T 1 > T 2 . It is composed by two connected rectangles. It is symmetric vertically, thus there should be no net shift along the vertical direction. Since collisions to the container frame is elastic, the particles inside the container only change their horizontal velocity when collide with the vertical edges. Note that here we consider a gas of ideal point particles that there will be no collisions between the particles, therefore their momentum only exchanges through the rigid container. As a result, if the right rectangle is short enough and the left long enough, the particles in the right rectangle will collide with the vertical edges more frequently, and their energy of the horizontal motion will exchange to the environment faster than those in the left part. Therefore, the horizontal velocities of particles in the right rectangle will be slowed down faster than those in the left. Then, a net current of particles will be arisen from left to right, inducing a shift of the center of mass of the gas inside the container to the right. This leads a flow of momentum to the right. The container will adjust itself to follow the mass center, resulting in directional motion. Based on this mechanism, the tail (the left-hand side rectangle) should be thin and long enough, otherwise the effect may disappear.
For an isosceles triangle as in Fig. 1(c) , the above ar- • . The result for (T1, T2) = (1.5, 1) and (T1, T2) = (1, 1.5) are not symmetric, since the space inside and outside the container are not symmetric. (c) The evolution of the temperature inside and outside the container versus time. They approach to each other asymptotically. Here T1 = 2 and T2 = 1 initially, and α = 10
• . An ensemble average over 1000 realizations has been used for obtaining the results. gument is still applicable. Collisions to the side boundaries change the horizontal velocity less than collisions to the right. The condition is that the apex angle should be small enough, analog to the long tail of the rectangle motor. To verify that there is a flow from left to right, we fix a vertical section across the middle of the triangle motor and calculate the momentum passes the section. Figure 4 shows that on average there is a net momentum flow from left to right when T 1 = T 2 . With the increase of the triangle apex angle, the changes of horizontal velocities induced by collisions to the side edges increase, approaching gradually to the amplitude induced by collisions to the right, and the effect should disappear. It is not clear that whether the effect will disappear beyond a threshold angle by our phenomenological argument. Simulation results in Fig. 3(a) implies that the effect may disappear for α ≥ 60
• . Indeed, in the particular case of an equilateral triangle, since the system has a rotation symmetry of 2π/3, if it moves right, then it will move equally to the 2π/3 and 4π/3 direction, this cancels the movement in any direction, thus directional motion will not occur. This is a result that we assume the motor can move freely in both x and y dimensions. However, if it is constrained that it can only move in x direction, directional motion can still occur.
In the following, we shall focus on the case where the motor can only move in x direction and derive an analytical result to corroborate the emergence of directional motion. In particular, we shall adopt the conventional approach [13, 14] , and assume that the temperature difference is fixed. This corresponds to an instantaneous time in our case. The mass of the container is much larger than that of a gas particle. Let P (V, t) be the probability density of the motor for the speed V = (V, 0), which obeys the Boltzmann-Master equation:
where W (V, r) is the transition probability per unit time for the container to change speed from V to V + r. The velocity distribution of particles either inside (j = 1) or outside (j = 2) the motor obeys the Maxwell distribution
Combining the collision equation, the transition probability can be Removing the base lines of four right triangles, and connecting them by bottoms, we obtain the container of the motor. The motor is restricted to rotate by its axis. The selfdriven laevo-motor (a) and the self-driven dextro-motor (b). The simulated average rotation angle as a function of time shows in (c). The top line is for laevo-motor and the bottom line is for dextro-motor, with T1 = 2 and T2 = 1 initially. The particle number are 100 for both inside and outside, and the apex angles are fixed at α = 4
• obtained as:
where L is the circumference of the triangle, j = 1 or 2 indicates inside or outside the motor, H is the Heaviside function, e 1 (θ) = (− sin θ, − cos θ) for inside, and e 2 (θ) = (sin θ, − cos θ) for outside, F (θ) is the fraction of the surface, thus LF (θ)dθ is the length of surface with orientation θ. To get a stationary speed V , we solve Eq. 1 by perturbation expansion in = m/M . Equation 1 then is reduced to a linear Langevin equation:
where γ j = 4ρ j L k B T j m/2π dθF (θ) sin 2 θ is the friction coefficient and η is the Gaussian white noises of unit strength. The steady drift velocity, i.e.V = 0, can be obtained as:
This formula shows that the directional velocity depends on both the gas particle mass and the container mass, the angle, and the temperature. The effect is stronger for smaller angle α, or a bigger temperature difference, or a larger mass of the gas particle, or a smaller mass of the container. When T 1 = T 2 , the directional motion disappears, returning to the usual conclusion in equilibrium. Different from our simulation, Eq. (4) gives that α = 60
• still have a directional velocity. This is because the analytical approach is restricted to x-axis. Without this restriction, there will be directional motions in three directions separated by 2π/3 with the same magnitude. As a result, they cancel each other and the motor loses directional motion. Note that the result Eq. (4) is not applicable for m ∼ M , in which case the higher order terms of can not be ignored anymore.
Finally, the mechanism can be exploited to design rotating motors and microscopic refrigeration systems. Figure 5 (a) shows a model of a motor that rotates counterclockwisely if T 1 > T 2 , where T 1 is the temperature of the gas particles inside the motor and T 2 is the temperature of the gas particles outside the motor, and (b) shows a motor that rotates clockwisely under the same condition. The center of the motor is fixed. We have performed simulations with 100 particles inside the motor with T 1 = 2, and another 100 particles outside the motor with T 2 = 1. The results are shown in Fig. 5(c) . We find that the dextro-motor rotates counterclockwisely and the laevo-motor rotates clockwisely, respectively. The angle changes fast in the beginning but finally gets saturated, which is due to the relaxation of the temperature of the gas particles inside and outside the container. It should be noted that, there are other works of rotating ratchets [22, 23] , but different from our designation, those motors are not heat engine, but exploited the asymmetrical design of the ratchet and are driven by bacteria without temperature differences.
In summary, we have shown that, by filling compressible fluid, a proper asymmetric container can perform directional motion if it has a temperature difference with respect to the environment. Due to the compressibility, the center of the fluid mass can shift relative to the container, which induces a directional motion of the motor system. It therefore provides a new mechanism for directional motion of micro-motors. More importantly, this can be a realistic motion model for monads, providing a possible mechanism of self-driven motion before the appearance of flagella for primordial cell migration. The higher temperature inside the cell can be maintained simply by chemical reactions of consuming intracellular nutrition. To get more nutrition, primordial cells should develop proper asymmetric shape, in which case it can move to a longer distance by the directional motion. Our model thus provides a mechanism for polarizations of primordial cells. Due to this mechanism, primordial cells would select high-heat feeds to maintain a higher temperature difference with the environment. In addition, our model can also be exploited in drug design, such as for target therapy. The traditional micro-capsules need extra motor engine like flagella [24, 25] . Instead, by applying our mechanism we can design asymmetric shaped capsules which can be driven by the temperature difference. By properly managing the initial temperature difference and the orientation of the capsules such as by an external magnetic field, one may guide the capsule to arrive at the designated target.
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